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Muller’s investigations indicate that a greatly diminished splitting 
up of tho ingested fat per sc positively indicates tho absenco of pan¬ 
creatic juice in tho intestinal digestion. In this case, therefore, in tho 
absence of a cachoxia or other signs of a neoplasm of tho pancreas or 
of neighboring organs which would occludo tho ducts by pressure, a 
pancreatic lithiasis should bo suspected. 
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Tub correspondence between tbo structure of bone, under nornml 
nml abnormal conditions, and tbo calculations of graphic statics lias 
been made tho foundation upon which a doctrine of " functional 
pathogenesis 11 has been built. It has, however, formed also tho basis 
of numerous attacks upon this theory. Tho theory of tho functional 
pathogenesis of deformity and that of tho functional shape of tho bones 
linvo been inndo corollaries to tho 11 law of bono transformationby 
its author, Jul. Wolff. Tho ‘Maw of bono transformation” is con¬ 
sidered by its author as deriving its greatest strength from tho remark- 
ahlo rcscmhlanco existing between tbo interim) structure of tbo normal 
human femur nnd tho grnphostnlio diagram of a Falrbairn ernno 

drawn by tho mathomaticimi Ciitlmnnn. This was given an outlino 
similar to that of tbo human femur deprived of its trochanter major 
and viowed in coronal section, sustaining n load of 30 kilogrammes. 
This load is supposed to approximate that which is borno by tbo 
femur of nit adult ami to bo applied to tbo crono in n manner con¬ 
sistent with tbo conditions in tbo human subject. Tho striking analogy 

• Read before the American Orthopedic Association, June, 1902. 
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between the courses of tlio bone trnbeculio in tho frontal section of tho 
femur and thoso of the trajectories of Cullnmnn’s diagram was first 
insisted upon by von Meyer, Tlio arrangement of tho spongiosa in the 
sagittal section of tlio femur, corresponding to tho 11 noutral piano” of 
the diagram, was foretold by Wolff in conformity with tho demands of 
tlio graphostatio figure, and was substantiated by him later, anatomi¬ 
cally. After tlio most painstaking study of tho various bones of tho 
body under normal and abnormal conditions Wolff was alilo to forniu- 
lato his " law,” which might bo translated ns follows: 

“ Every chango in tho form and function of tlio bones, or of tlioir 
function alone, is followed by cortnin definite changes in their interna) 
architecture, and equally dofinito secondary nltorations of tlioir oxtcrnal 
conformation, in accordance with mathematical laws.” 

Iioforo tho promulgation of Wolff's law tho generally accepted theory 
of tlio dovelopmont of acquired deformity was that of Volkmann’- 
Ilitctcr, 1 namoly, Hint consequent upon muscular weakness faulty atti- 
tudo was assumed, in consequence of which ono sido of n joint—c. <J -, 
tho external in genu valgum—was subjected to greater pressuro thnn 
normal; tho opposite sido—tho intornnl in genu valgum—sustained 
less pressuro than normal. Assuming that during growth tho normal 
dovelopmont of tho joint dopends upon tho maintenance of normal con¬ 
ditions of intrn-nrticulnr pressuro, it was explained Hint tho increased 
pressuro on tlio concave side interfered with tho normal growth of hollo 
or ovon caused atrophy of that bono already formed; while on tlio 
convex (internal) sido tlio subnormal pressuro permitted nn overgrowth 
of bono. In spito of tho fact that Mikulicz* nnd Mneewen 1 showed, 
quito long ago, that theso changes in tho nrtieular surfaces and 
epiphyses nro not constantly present iu gonu valgum, but that tho 
principal deformity exists in tho diapliyscs of tho fomur nnd tibia, most 
authors continued, nevertheless, to describe the pathogenesis of this 
deformity ill conformity with tho theory of Volkmann-Hiicter. Wo 
shall later sco how it is better explained by rofercnco to Wolff’s law 
nnd in agreement with tlio anatomical conditions present. 

Tlio first corollary which Wolff’s theory has associated with it is that 
of tho 11 functional slmpo."* Tho oxtornn) form nnd internal archi¬ 
tecture nro determined by function solely. The internal nroliitccturo 

and oxtcrnal contour always correspond exactly, tho latter representing, 
mathematically, simply tho last curve uniting tlio ondsofthe various 
trajectories which mako up tho intornnl structuro. Tho compact sub¬ 
stance is to ho regarded simply its n condensation of spongiosa. 

From tho theory of tho “ functional slmpo ” it is nn easy step to that 
of tho ‘‘functional pathogenesis” of deformity. If tho Internal 
structuro nnd oxtornal contour correspond oxactly, nnd if tlioy repre¬ 
sent nn adaptation to normal function only, then nn alteration in static 
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demands made upon tlio bones must bo followed by tho proper trans- 
forumtions of structure, both internal and externnl, and ns the result 
of theso wo Imvo the " deformity in tho narrower sense." The deformity 
is therefore to bo regarded as a physiologienl adaptation of structure 
to pathological static requirements, therefore to pathological function. 

The agreement of tho structure of bone, both under normal ami 
abnormal circumstances, with mathematical laws, and in pnrticulnr with 
those of graphio statics, is insisted upon by Wolff to such an extent 
that it has formed tho basis of attacks upon tho doctrine by liiihr' and 
Ghillini," as well as others. It is their object to show that Wolff’s 
mathematical conclusions are erroneous, and that therefore it is not 
permissible to make deductions from them regarding tho structure of 
tho bones in their normal or pathological relations. 

Wo may well ask ourselves, on this account, whether mathematical 
proof of tho competency of nature's design in bono structure has been 
brought by Wolff in Cullmnnn's drawing of tho Fnirbnirn crano ami 
tho deductions following. Wlmt is required to cnablo us to construct 
tho graphostatio diagram of tho femur? It must be understood, as a 
preliminary in answering Ibis question, that when “ mathematical 
proof” is spoken of mathematical accuracy is implied. It is by no 
m.'ans enough to say that a striking similarity exists between tho 
diagram and tho bono whoso mechanics wo nro trying to eolvo. There 
must bo absolutely no divcrgenco between tho two. 

In order that tho mechanics of tho femur sbnll bo submitted to 
mathematical proof, wo must know every possible stress to which the 
bono is to bo submitted under normal conditions, and theso stresses 
must bo expressed in figures. There must bo possible of expression in 
figures the physical characteristics of the material used in tho structure. 
Hut bones nro evidently constructed of sufficient strength to withstand 
uniisuni stress without giving way. This fact is demonstrated in 
ovcry-day life. How shall wo calculate this “ factor of safety.” We 
may believe, with Wolff, that the femur is burdened like a crane, or 
with his opponents that this is not so; but tho fact remains that Cull- 
mum's diagram is computed without mention of tho muscular stresses 
upon tho bono—without reckoning with tho stresses put upon the bones 
in other positions tlmn tho upright. Tho great trochanter has been 
omitted from consideration altogether. This is obviously not permis¬ 
sible in a mathematical calculation, because it is nlways present, because 
it is the means of transmitting very considerable stress to the femur, 
and becauso its internal structure is evidently continuous with that of 
tho upper end of tho femur. I am assured by experts that tho proper 
calculation of tho construction of tho femur upon exact mathematical 
lines is a work of great magnitude, requiring not only uncommon 
ability, but, on account of tho enormous complexity of tho problem, 
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demanding a very largo expenditure of timo. To my knowledge, no 
such exact mathematical demonstration ha3 yet been nmdo. In addi¬ 
tion t 0 this, it is by no means certain that tho “ factor of safety 
could bs calculated; this factor might well make tho mathematical 
solution impossible. Until exact mathematical proof ia brought, how- 
ovor, there would seem to ho no warrant for saying thus definitely that 
tho external contour of n hone represents mathematically tho Inst curvo 
uniting tho ends of tho various trajectories which ninko up tho internal 
structure—for assuming that tho compact suhstanco is to ho regarded 
simply ns n consolidation of those trajectories coming from tho 
apongiosa. 

If wo arc unprepared, howover, to acknowledge tlmt a truly 
mathematical demonstration of tho structure of tho bones 1ms been 
made, wo are, on tho other hand, entiroly unwilling to reject tho law of 
transformation and its corollaries on this account without further 
investigation. In declining to accept tho analogy between Cullmnnn’s 
diagram and tho structure of tho femur ns a truly mathematical 
demonstration of tho latter, wo nro, furthermore, far from saying that 
if such computation and grnphostatio figuro were nmdo it would not 
coincide with tho architecture of tho bono. On tho contrary, t m 
structure of tho femur having been shown by many years of observa¬ 
tion to ho constant, tho similarity between it and tho mathematical 
figuro is so striking ns to mnko it seem reasonably certain that tho 
trnbeculic do represent lines of forco which nnturo aims to resist by tho 
laying down of tho bono tissue. This is, however, for from being 
mathematical proof, nod, as it seems to us, docs not afford justification 
for considering somo of Wolff’s other conclusions ns “ mathematical, 
howover true thoy may bo otherwise shown to be. 

In view of tho necessarily great variation in tho factors of weight¬ 
bearing and muscular stresses which must exist in mammals other than 
man—bccauso of tho deviation from tho erect position of tho trunk 
and bccauso of tho participation of tho thoracic extremities in tho 
weight-bearing function, it would seem likely that much information 
could ho obtained from tho study of their hones. Ablo mill exhaustive 
investigation has already been made in this direction by Zschokko, 
Schmidt," and others. It Ims scorned avortli white to independently 
repeat somo of this work ns well ns to seek further for information in 
tho structuro of other mammalian bones. Tho femur has been chosen 
ns tho hone for further comparison, because of its sizo and static 
importance and bccauso it has formed tho basis for most of tho con¬ 
clusions which hnvo already been drawn. In examining tbo femora to 
ho presently described tho method rcporlcd by Wolff' was employed. 
Sections were cut by hand by means of a saw. These sections wero 
then photographed by means of tho Kontgcn ray, and from the nega- 
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lives thus obtained tiio photographs were made which nro herewith 
presonied. As is tiio case with ninny radiographs, tho negative is 
moro instructive than tho print made from it. In tho smaller femora 
it was qi|ito difficult to obtain prints tho finer details of which would 
lend themselves to satisfactory reproduction. 

In tho description of tho specimens which hnvo been examined caro 
has been taken to avoid ns much as possible the repetition of dctnils 
which coincide with the descriptions of Zschokko and Schmidt, above 
referred to. Tho following femora hnvo been examined: 

I. liuminnntin. 

(a) Ox. 

(A) Llama. 

(c) Sheep. 

II. Carnivora. 

(a) South African leopard. 

III. Primates. 

(а) Ilnboon (pnpio hnmndryns). 

(б) Ornng (sirnin sntyrus). 

(c) (ribbon (hylobntes). 

(Humerus of gibbon also.) 

For tho privilege of oxnmining into tho architecture of tho femora 
of tho ornng and gibbon, as well ns the humerus of tho Inttor, I wish 
to acknowledge my indebtedness to tho administration of the Smith¬ 
sonian Institution. Many of tho other bones examined hnvo been taken 
from tho museum of tho Cincinnati Society of Natural History. 

llEMAIIKS ON THE Sl'ECIMEN.4 EXAMINED. 

I, Itu.MlNANTiA. (a) Femur of Ike Ulcer. (Fig. 1.) 

Kclntivo length of tho neck is short. Capital epiphysis extends 
laterally to a point corresponding practically with tho axis of the shaft. 
It is covored with cnrlilngo to this point, and is to this oxtent a bearing 
surfnee. Tho nnglo made by tho neck is nbout 112“. 

Arrangement of trnbeculto is perfectly constant, and corresponds 
with tho description of Zschokko and .Schmidt. Tho spongiosn of tho 
young adult is composed of exceedingly fino trnbeenhe. As tho ago 
increases tho trnbeculto become coarser and less numerous, so that tho 
internal structure is moro easily rend. In old animals this chnngo has 
continued, so that tho difference between their spongiosn and that of 
tho young animal is most striking (eco Zschokko). Tho three most 
striking systems of trabecula) seen nre: 

1. Principal pressure trajectories (converging from tho mesial part of 
tho head to tho ndductor compnctn). 

2. Trnbeculto from ndductor anti abductor compnctn arch toward 
tho axis of tho hones, forming n sories of gothic arches whoso apices 
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aro in a straight lino with tho lateral boundary of tho capital epiphysis. 
Such a series of arches also exists in tho trochnnterio epiphysis. Ortho¬ 
gonal crossings can bo distinguished in tho system of arches. 


Fio. i. 
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(6) Femur oj the JAama. (Fig. 2.) 

'There ia practically no neck to tho bone. Capital epiphysis extends 
to tho axis of tho shaft, as ill tho steer, but tho head is set more 
obliquely, making an angle of 120° with tho shaft. 

Although tho animal is comparatively young (shown by im|>erfect 
union of epiphysis), the trabeculto are comparatively coarse, their 
meshes large. Tho arrangement of gothic nrohea is lacking. 

Tho marrow cavity extend) comparatively high into tho upper end 
of tho bono. Tlioro nro threo systems of trabcculm: 

1. Principal pressure trabcculm. 

2. Two systems diverging front tho base of tho great trochanter. 

(«) Toward tho head. 

(6) Downward to tho abductor compacts. 

(c) Femur of the Sheep. (Fig. 3.) 

In general shape and plan of internal structure wo hnvo tho steers 
femur in miniature. Tho angle of tho neck is somewhat greater (11 ft 0 


FlO. 3. 



Sheep. 


to 117°), otherwise tho samo nrrnngomcnt of capital epiphysis and 
gothic arches, though sometimes not bo easily made out. Orthogonal 
crossings can in part bo distinguished. 

II. Carnivora. (Fig. 4.) 

Tho only spccimon examined was tho femur of a South African 
•copard. Tho fomur is characterized by its proportionately long, 
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slender, and somowhat curved neck, which makes an angle of 130° 
with tho shaft. The spongiosa is mado of plates. 

Tho femoral neck presents a triangular cavity of considerable size, 

Fin. i. 



Leopard. 

ami which in position and boundaries would correspond with Ward’s 
trianglo of tho human femur. This is separated from tho marrow 
cavity below by a small number of arches coming from tho adductor 

Flo. ft. 



Baboon. 


coinpncta and corresponding to pressuro trajectories. The crossings 
hero are orthogonal. 

Shorn of tho trochanter major the outlino is very liko that of Cull* 
mann’s diagram; tho internal arrangement is, however, very different. 
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III. Primates, (a) Femur of Arabian Baboon (/'<//) io Hamairyai). 

(Fig. 6.) 

Tho liano is remarkably heavy lor its size, anil of very demo texture, 
eo that it is ililticnlt to saw. The neck is curved, and makes an angle 
of about 124°. 

The trabecular are massive, largely in the form of plates. In the 
head they aro fairly typical as principal pressnro trabecula?, and hero 
show orthogonal crossings, with a fow tension plates. There is here, 
too, a envity in the neck, separated by a few plates only from tho. 
cavity of tho shaft below. Tho compacts of tho shaft is relatively 
very heavy and thick, so that it is difficult to bring it into comparison 
with tho amount of spongiosa. 

(ft) Orang. (Fig. G.) 

lloth in external conformation and internal structure tho upper 
femoral end is strikingly like tho human. Tho angle mndo by tho 

Flo. 6. 



Orang. 

femoral neck is 135°. Iloth pressure and tension trajectories nro 
found projected in a fairly typical rnannor, though the reticulum is 
much coarser than in man, tho trabecula: more plate-like. Orthogonal 
crossings can bo mndo out to a limited extent. Tho condensation of 
spongiosa known ns tho " intermediary epiphyseal disk ” (Reckling¬ 
hausen), and which is constant in tho adult femur, is lacking. 

(c) Gibbon. (Fig. 7.) 

In gonornl outline tho upper femoral end greatly resembles that of 
tho orang and mail, Tho bouo is remarkably light, however, iis shaft 
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very smooth and round, reminding one very forcibly of tho bones of 
larger birds. This comparison scorns all tbo more apt upon bisecting 
tho bono, bocanso of tho relatively largo marrow cavity, with no spongy 
structure whatever savo at the oxtremo ends. Tho anglo of tho neck 
is ld0°. 

Tho section shows a spongiosn of lamellar character, in which it is 
extremely ditlicult, if at all possible, to find an arrangement in any 
way similar to that of man or, indeed, of any of tho femora previously 
described. The neck proper is practically free from spongy structure, 
n cavity being here found which extends to the spongiosn of tho bend 
nbovo and to that at tbo base of tho grent trochanter below. Tho 
cellular spaces of tho spongiosn are relatively very large. 

In view of the contrast in functional importnneo between tho femur 
and tho humerus in tho gibbon, great interest must attend tiio com- 

Fla. 7. Fia. 8. 



Femur of gibbon. Hutncnn of gibbon. 


pnrison of their interim! structures. Tho result of it is in nccord with 
our anticipation. Tho internal structure consists of n lamellar 
spongiosn of comparatively conrso mesh, but in Its general arrange¬ 
ment strikingly tlint of tho human humerus. This is true oven to tho 
existence of a placo near tho great tuberosity in which tho spongiosn 
is quite rare, almost to tho degree of being considered a cavity. Tho 
remains of tho epiphyseal lino correspond both in direction and posi¬ 
tion, and tho outlino is simply a miniature of tho human. (Fig. 8.) 

In addition, it is to bo noted that the gibbon’s humerus is, in com¬ 
parison with its femur, heavier nnd denser. On holding tho bones closo 
to a bright light tho shaft of tho femur is seen to bo quito translucent; 
tlint of tho humerus is not at all so. Whilo the humerus is a longer 
bono, its density is disproportionately greater thnn that of tho femur. 
Tho volume of tho two hones was determined by ascertaining their 
displacement of water. This was found to bo 25 c.o. for tho humerus 
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mid 22 o.c. for tho femur. Tlio weight of the humerus was 30.45 
grammes against 21.07 grammes for tho fomur. Their ratio of weight 
is therefore 1.405, while their ratio of volumo is 1.045. It is easily 
seen that tho humerus is an organ of greator strength and usefulness 

than the femur. , ...... „ 

In making a general comparison of tho specimens in hnnd, it is well 

to remember that in grnphio statics: 

1. The courses of tho various trajectories are dependent upon the 
external slmpo of tho structures, and conversely, 

2. The number of tho trajectories and their sizo depend upon the 
varying factors of weight and tho character of tho mntcrinl. 

It was remarked by Zschokkc—and the statement is to day equally 
truo—that it was not possililo to estimate tho stresses in hone more 
than approximately up to that time, hut that it was necessary ns a 
matter of scientific reasoning to show, at least in some bones, that the 
trabecular truly correspond to tho trajectories in direction and strength. 
Ten years have elapsed since this was written, but tho task hns not yet 
been performed. 

lliilir, Ohillini, and tho latter in co-operation with Cancvozzi, have 
offered certain calculations in opposition, but theso by no means 
present the solution which wo seek. It would appear, therefore, that 
Jvo pro not yet provided with oxnet data to attempt a truly mathe¬ 
matical solution of tho mechanics of tho femur. If wo chug too 
closely to the mathematical concept of bouo structure wo slinll find it 
impossible, for example, to reconcile tho structures in the tipper femoral 
ends of tho gibbon and tho orang. Wo lmvo hero n striking similarity 
of outline, with an equally marked incongruity of internal formation. 

If however, wo depart from tho strictly mathematical notion am 
exnmino into tho environment and hnbits of tho gibbon and orang we 
shall find an admirable adaptation of structure to theso and an explan¬ 
ation of tho great variation in internal structure. According to 
Flower and I.ydckker,* tho gibbon is by nature an arboreal creature 
of grent lightness, accustomed to maintain itself almost entirely by the 
thoracic extremities. Its movements are extremely rapid, and it is 
nldo to project its body through long distances in space in swinging 
from hough to bough and from tree to tree. When pursued on the 
ground and unable to reach a tree it moves forward chiefly on its pelvic 
extremities, and prnotically in tho upright position, but so awkwardly 
and uncertainly that it is easily overtaken by man. iho humerus of 
tho gibbon, however, belongs to tho extremity of greater power and 
H 30 , and is manifestly of corresponding build. In the orang, on 10 
other hnnd, wo find great muscular power in tho posterior extremities 


• Mammals, Living and Extinct. 
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and comparative slowness in movement. We may similarly comparo tho 
femora of the leopard and the baboon, although possibly not so aptly, tho 
former possessing wonderful agility and ability to mako enormous leaps, 
the latter being contrasted by tho great muscular development in pro¬ 
portion to its size. According to Zschokko, tho femora of bears able 
and accustomed to maintain themselves frequently in tho upright posi¬ 
tion possess great rcsemblanco to tho human in their structure. So in 
tho ruminants, also, wo find tho modifications of internal structure in 
accordance with tho shortness of tho femoral neck, adapted, aa this is, 
to weight-bearing purely rather than a largo rango of motion. 

From tho abovo wo should bo justified in concluding that whilo 
external conformation and internal structuro ropresont admirablo 
adaptation to use, their mutual intcrdopcndcnco is not so exact as tho 
strictly mathematical concept would require. If wo aro to modify tho 
doctrino of tho functional shapo of tho bones to this extent, it is prob¬ 
able that tho doctrino of functional pathogenesis must likowiso bo 
qualified. 

Valuablo evidonco for tho .theory of functional pathogenesis should 
bo found whero tho function of a bono has been changed for a con¬ 
siderable time without any gross solution of its continuity. It is 
hclioved that such evidence can bo found in tho specimen of old 
unreduced dislocation of tho hip which is next presented, and in 
which wo have tho advantage of comparison with tho normnl fomur of 
tho sumo individual. 


Description of Specimen of Old Unreduced Dislocation of the Hip, from 
the Museum of the Cincinnati Hospital (Series VII. t No. 127 /). 

Tho specimen has been in tho Museum for many years, and all duo 
to tho history of tho ca?o has been lost. Tho board has wired upon it: 

The Os Innominalum of the Side of the Luxation. This shows tho 
acetabulum to have been unoccupied by tho femoral head for a long 
timo. Tho Hoar has bccomo roughened by tho presonco of small osteo¬ 
phytes. Tho acetabular cavity appears to have bccomo smaller by tho 
thickoning of its riin and tho formation of now bono in its floor. Just 
behind tho acetabulum there is seen a rather flat, though slightly con¬ 
cave, bono mass of roundish outline, with a diameter of 5 to 3.6 cm., 
and elevated 0.62 to 0.63 cm. abovo tho surfaco of tho surrounding 
bono. This rc 3 U upon a buttress of bono thrown out from tho ilium 
and ischium. It is evidently tho representation of an attempt at 
forming a now acetabulum. 

The Upper End of the llight ( Dislocated ) Femur. (Fig. 9.) This 
has been sawed through about 8 cm. below tho tip of tho great 
trochanter. It has also been bisected in coronal section. 

TOL. 124. NO. 6.—DECEMBM, 1002. 63 
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The Upper End of the left Femur (.Normal). (Fig. 10.) This has been 
sawed through nt 6.7 cm. below the tip of the great trochanter, the cut 
just striking the tip of the lesser trochanter. It has also been bisected in 
coronal section. Upon joining tlio halves of tlio right (luxated) femur 
ami attempting to fit tlio head, in its dislocated position, into tlio new 
acetabulum, it is readily seen that its superior surface— tlmt winch 
formerly was tlio chief means of transmitting weight-wns no onger 
a bearing surface, but that tlio joint bearing under the now conditions 


Flo. 9. 



Plilocatctl f*mur. 


was displaced downward. It can bo seen tlmt the position of the femur 
could not have been maintained by tlio bony socket alone, but that 
the soft parts must have played an important if not the chief rOlo in 

^Tho examination of tlio femoral head shows nt onco Hint it may bo 
divided, functionally, into an anterior and posterior, an upper and 
lower segment. Tlio anterior segment is characterized by tlio smooth¬ 
ness of its external contour and its roundness when compared with tho 
posterior segment, which is rough, presenting irregular elevations, i ho 
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margin of tho head in tho posterior segment is considerably mush¬ 
roomed ; this is not so in tho anterior. Tho corticalis of tho posterior 
segment is very thin, and in ono placo has disappeared, so that tho 
spnngiosa is oxposed. (This is not broken.) Tho head is no longor 
nearly spherical, hut bullet-shaped, with a rounded apex in tho lino of 
the cervical axis. Crossing tho anterior segment is a slight ridgo 
which divides tho nntorior segment into an upper and lower portion. 
Tho upper portion is somewhat rougher and flatter than tho lower, and 
this division will ho Inter referred to in tho description of tho section. 


Flo. 10. 



Normal ftmur from Mmo subject. 


From tho nntorior half of this femur n'section was cut varying from 
3 tod mm. in thickness. A similar section was taken from tho left femur. 
Through ft rnishnp tho spongy portion in tho lower portion of this section 
was broken. Tho spongy tissuo should ho intact through tho section. 
Tho following measurements show in part the decided differences existing 
between tho right and left femurs: Diameter from tho circumference 
of tho head to tho haso of trochanter mojor: right, 8.76 cm. ; loft, 
10.40 cm. Height of trochanter major from tip to haso: right, 4 
cm.; left, 4.40 cm. Greatest thickness of adductor compacta: right, 
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0.68 cm.; left, 0.44 cm. Greatest thickness of abductor compactn: 
right, 0.57 cm.; left, 0.34 cm. Anglo between tho neck and shaft: 
right, 122°; loft, 127°. 

The following changes of external configuration may thcreforo bo 
noted: («) General diminution in tho size of thobono; (6) diminu¬ 
tion of tho anglo between tho shaft and tho neck; (c) alterations in 
tho shapo of tho femoral head, as beforo described. 

Tho transmutations of tho internal structure are, however, more 
striking, and when taken in conjunction with tho above-mentioned 
alterations of oxtcrnal contour, and in view of tho changed conditions 
of stress from both weight-bearing and muscular notion, mnko it possible 
for us to present a rational interpretation. These transmutations may 
bo described as follows: 

1. Tho cnncollous tissue ia of looser mesh than thnt of tho left femur. 

2. Tho tension trabecula) proceeding from tho abductor side are 
shorter in length, but also of changed (shortened) radii. Tho pressure 
trabecula), however, seem, if anything, more numerous and of greater 
strength than those of tho left femur. As tho result of this, Ward’s 
triangle, which is ordinarily constituted by the convorgenco of two 
well-defined groups of trabecula: coming from tho upper part of the 
head and region of tho great trochanter, respectively, has disappeared 
entirely. 

3. Tho mo 3 t conspicuous chnngo of tho internal composition is, how- 
over, to bo obsorved in tho head. Wo have hero a considerable cavity 
in tho spongy tissuo, corresponding in position to tho flattened part of 
tho head, and which is traversed by n fow bono plntcs. Tho nntcro- 
posterior depth of this cavity is 2.50 cm.; its width in tho coronal sec¬ 
tion is 2 cm. Tho antero posterior diameter of tho head at this part is 
3.40 cm. Tho floor of this cavity corresponds exactly with that ridgo 
on tho anterior aspect of tho head which divides this into an upper and 
lower segment. 

4. Upon examining tho anterior and posterior halves of tho bone, it 
is seen thnt tho cancellous arrangement in tho anterior segment is more 
compact. 

Unfortunato ns it is for tho present inquiry that no record is left to 
show tho oxnct amount of motion and strength possessed by tins dislu* 
catcd hip, tho changes of its structure nevertheless correspond strikingly 
with tho requirements of Wolff’s law. Tho atrophy of tbo unused parts, 
nnrl tho condensation of those hearing increased stress, ns well as tho 
decided chnngo of extorual conformation, nro sufficiently manifest as to 
impossibly cscapo notico. Equally evident, however, nro tho encroach¬ 
ment upon tho original sire of tho acetabular cavity by tho formation 
of now bono, and the irregular surface of the unused part of tho femoral 
head for tho samo reason. I tako it thnt wo have horo conditions 
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analogous to tho so-called hypertrophy of tho inner condyle in genu 
valgum, and that wo aro dealing with an incrcaso in cubical dimensions 
as an accommodation to altered conditions of spaco. If this increnso 
of cubical dimensions is to bo so regarded it must bo looked upon ns a 
result of tho deformity and not as ono of its causes. Its functional 
rdlo in resisting stress can, from its physical characters, bo considered 
insignificant. 

From tho researches of Wolff, Zschokko, Schmidt, and others, ns 
well as from the observations hcrowith presented, it is believed justifiable 
to conclude ns follows: 

1. Tho strictly mathematical concept of Wolff's law has not yet been 
justified by demonstration. 

2. Save in their mathematical aspects, the statements of Wolff's law 
and its corollaries may ho accepted ns being in agreement with obscr- 
vatioua hitherto made. 

3. If we accept tho foregoing statements it does not follow that wo 
must mako uso of the so-called “functional methods" In our thera¬ 
peutic endeavors; tlioy are to ho chosen not from theoretical considera¬ 
tions only, hut for reasons of expediency and practicability. 

[Note.— In tho discussion following tho rending of this paper thcro 
was presented tho right femur of an idiotic woman, thirty-fivo years 

Flo. it. 



Section of femoral head of a paralytic Idiot, aged thirty-five yeare. 
(By pormlMton of Dr. H. T. Taylor.) 


of ago, by Dr. H. Tunstall Taylor, of Baltimore. Tho specimen is of 
such interest, ami is believed to bo corroborntivo to such n degree, that, 
with Dr. Taylor's kind permission, tho caso and section of the bono 
aro herewith briefly presented. Tho subject from whom it canto was 
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» paralytic, considerably deformed, having soverc scoliosis nnd being 
greatly underdeveloped. The fibula of this subject was about fifteen 
inches long and somowlmt greater in thickness than a good-sized kuit- 
ting-neodle. The pelvis was likowiso deformed. Tho femur is extremely 
light in weight. Its extremo length is 38 cm.; tho coronal diameter 
of tho shaft nt tho middlo is 1.3 cm. Tho head is greatly flattened from 
nhovo downward, ns may bo soon from tho section. Tho surface is 
marked by sovcral deep grooves of antero posterior direction. Otherwise 
tho hollo is of fairly normal shape, with the exception of tho trochanter 
minor, which forms a quite long spur projecting nntoriorly, leaving a 
deep groove between it nnd tho upper part of tho shaft. Tho radiogram 
of tho section of the upper extremity of this femur is nlmost self- 
explanatory. (Fig. 11.) Vestiges of the normal internal structure 
nro apparent. Such are tho intermediary epiphyseal disk, somo of tho 
principal pressure trajectories, and some of the arches ns well. The 
upper oud of tho bone is, however, merely a hollow shell, nnd expres¬ 
sive, it seems to mo, not only of imperfect development, but of general 
atrophy also. As far as can bo ascertained, this person was never 
ahlo to maintain tho upright position.] 
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